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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following agreements were made in RAN1#100-e [1].
Agreement:
Proposal 1 in R1-2001233 is agreed.

Agreement:
Adopt the following text proposal for TS38.211:
------------------------------------------------ Begin of TP -----------------------------------------------------
[bookmark: _Toc34431425]7.4.1.7.3	 Mapping to physical resources in a downlink PRS resource
---------------------------------------Text omitted ---------------------------------------
and where 
- the antenna port ;
-  is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter DL-PRS-ResourceSymbolOffset;
- the size of the downlink PRS resource in the time domain  is given by the higher-layer parameter DL-PRS-NumSymbols;
- the comb size  is given by the higher-layer parameter transmissionComb;
- the resource-element offset  is given by the higher-layer parameter combOffset;
[bookmark: _Hlk20911140]- the quantity  is given by Table 7.4.1.7.3-1.
---------------------------------------Text omitted ---------------------------------------
------------------------------------------------ End of TP -----------------------------------------------------


Agreement:
· UE DL PRS processing capability is reported for maximum DL PRS bandwidth in MHz, which is supported and reported by UE
· UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
· FFS values of maximum DL PRS bandwidth in MHz for UE DL PRS processing capability report
· FFS if UE DL PRS processing capability is scaled inversely proportional to DL PRS processing bandwidth
· Note: this overrides the 272 RB assumption in the previous RAN1 agreement.

Agreement:
· UE DL PRS processing capability is signaled per band
· FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS
· FFS if reported values of T are the same across bands within a FR or across FRs
Agreement:
· UE DL PRS processing capability is defined for a single positioning frequency layer
Agreement:
· UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
In this contribution, we discuss the remaining issues for NR DL positioning.
NR DL PRS design
DL PRS pattern
The relative RE offsets were agreed for Comb-2, Comb-4 and Com-6 in the last meeting. The agreed pattern is uniform pattern. For Comn-12, the same pattern should be applied to have a consistent design. Therefore the working assumption should be confirmed. 
Proposal 1: Confirm the following working assumption. 
· The following relative RE offsets are supported for different combinations of number of symbols and combSize for DL PRS Resource:
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	Working assumption: {0,6,3,9,1,7,4,10,2,8,5,11}



DL PRS processing capability
The value of maximum PRS bandwidth is upper bounded by the values of maximum channel bandwidth for each SCS as shown in Table 1.
[bookmark: _Ref35806858]Table 1: Maximum PRS bandwidth
	SCS (kHz)
	Max channel bandwidth (number of RB)
	Max channel bandwidth (MHz)
	Max PRS bandwidth (number of RB)
	Max PRS bandwidth (MHz)

	15
	270
	48.6
	268
	48.24

	30
	273
	98.28
	272
	97.92

	60 (FR1)
	135
	97.20
	134
	96.48

	60 (FR2)
	264
	190.08
	264
	190.08

	120
	264
	380.16
	264
	380.16



If a UE reports a single maximum BW not depending on SCS, scaling in the second FFS may be applied when the maximum allowed BW for certain SCS is smaller than that. However, this theoretical approach does not address SCS-specific processing differences in UE implementation. Hence, we propose that UE reports maximum PRS bandwidth for each SCS. Consequently, value of N and T are also reported per SCS. On top of this, the symbol duration should cover the union of all search windows given by expected RSTD and expected RSTD uncertainty from all TRPs on a positioning frequency layer. Even if two TRPs are synchronized, there is might be a cell phase synchronization error of no more than 3µs. Search window for neighbor cell could starts from or ends with the middle of a symbol for the serving cell, one extra symbol will be counted in the duration. Specifically, the reported value N in ms should include the impact of cell phase synchronization error between TRPs.
Proposal 2: For UE DL PRS processing capability, UE may report the maximum PRS bandwidth BWmax and (N, T) for each SCS. The reported value for N should include the impact of cell phase synchronization error between TRPs. 
When UE report processing capability (N, T) for the maximum PRS bandwidth, network can configure smaller BW of PRS. In this case, the scaling in the second FFS can be applied to increase the value of N to interpret UE’s capability in this case. Theoretically speaking, the PRS processing burden is inversely proportional to the PRS bandwidth. However, there is additional constraint on UE implementation, which is that the FFT can only be non-contiguous number 128, 256, 512, 1024, 2048, and 4096. For a range of PRS bandwidth, UE will select one FFT size for processing, therefore the true processing burden will not linearly scale with BW. This can be acknowledged by introducing stepwise scaling as below when a UE reported (N0, T) for BWmax.. and if network configures PRS bandwidth . 

where

The values of , with  is given by Table 2.
[bookmark: _Ref36052412]Table 2: PRS process capability scaling parameter
	PRS bandwidth
	(MHz)
	 (MHz)
	 (MHz)
	 (MHz)
	 (MHz)
	 (MHz)

	SCS=15 kHz
	1.44
	3.6
	7.2
	15.12
	30.24
	48.24

	SCS=30 kHz
	2.88
	7.2
	14.4
	30.24
	60.48
	97.92

	SCS=60 kHz (FR1)
	5.76
	14.4
	28.8
	60.48
	96.48
	NA

	SCS=60 kHz (FR2)
	5.76
	14.4
	28.8
	60.48
	120.96
	190.08

	SCS=120 kHz
	11.52
	28.8
	57.6
	120.96
	241.92
	380.16



Alternatively, UE may report multiple PRS bandwidth values corresponding to indicate scaling boundaries. For example, a UE may report BW1, BW2, BW3 with BW1< BW2 < BW3. Then if the network configures a bandwidth BW such that BWi-1< BW ≤ BWi, then scaling of N should correspond to BWi.
Proposal 3: The UE DL PRS processing capability is not exactly scaled inversely proportional to DL PRS processing bandwidth. 
· Option 1: UE reports the capability corresponding to maximum PRS bandwidth to be supported. Scaling rule in Table 2 is applied to interpret UE’s capability if network configures smaller BW. 
· Option 2: UE reports multiple PRS bandwidth values to indicate scaling boundaries.
DL PRS with multiple SCS
In RAN1 #97, it was agreed that 5G-NR numerology needs further study in relation to DL-PRS resource configuration. As part of the numerology, 5G-NR supports different sub-carrier spacing (SCS) in both FR1 and FR2. This can lead to different bandwidth parts (BWP) in the same cell having different SCS as well as neighbour cells having different SCS. For a UE connected to a certain cell and/or a certain BWP, this scenario can dictate that the neighbour cells/neighbour cell BWP it would need to hear may be configured with a different SCS, as given by 2µx15 kHz, with µ={-3, -2, -1, 1, 2, 3}. The sampling clock rate will determine the accuracy of the ToA multilateration based positioning techniques. 
In some applications, the time taken to complete the positioning and the energy consumed in the process will be critical. In these cases for the higher SCS (faster sampling clock) UE, the full PRS patterns needs to be available within its own slot time from all the neighbour cells. With the different comb-N patterns suggested for adaptation so far, we would propose that the lower SCS cell should adapt a 2µ times denser pattern (in time density), on request from the higher SCS cell. For example, if a cell employs 30 kHz SCS and a comb-N PRS pattern, and then a group of UE’s in this cell request a time critical or low energy consuming PRS measurement from a neighbour cell or neighbour BWP with 15 kHz SCS, it should be possible to configure the neighbour cell PRS in a comb-N/2 pattern.
Proposal 4: When neighbour cells or BWPs employ different SCS and some of the UEs require time or energy critical PRS measurements from this cell or BWP, the lower SCS cell should be able to configure the PRS as a comb-N/µ pattern, where µ is the ratio between higher and lower SCS employed by the two respective cells/ BWPs.
Conclusions 
In this contribution, we discussed the DL reference signals design for NR positioning. Our proposals are summarized below.
Proposal 1: Confirm the following working assumption. 
· The following relative RE offsets are supported for different combinations of number of symbols and combSize for DL PRS Resource:
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	Working assumption: {0,6,3,9,1,7,4,10,2,8,5,11}



Proposal 2: For UE DL PRS processing capability, UE may report the maximum PRS bandwidth BWmax and (N, T) for each SCS. The reported value for N should include the impact of cell phase synchronization error between TRPs. 
Proposal 3: The UE DL PRS processing capability is not exactly scaled inversely proportional to DL PRS processing bandwidth. 
· Option 1: UE reports the capability corresponding to maximum PRS bandwidth to be supported. Scaling rule in Table 2 is applied to interpret UE’s capability if network configures smaller BW. 
· Option 2: UE reports multiple PRS bandwidth values to indicate scaling boundaries.
Proposal 4: When neighbour cells or BWPs employ different SCS and some of the UEs require time or energy critical PRS measurements from this cell or BWP, the lower SCS cell should be able to configure the PRS as a comb-N/µ pattern, where µ is the ratio between higher and lower SCS employed by the two respective cells/ BWPs.
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